We analyze parameters of the interstellar matter emission in star-forming complexes in the high metallicity galaxies NGC 628, NGC 2976, and NGC 3351, which have different 
2 metrics of the star formation rate (SFR), and can make it possible to find links between the SFR and various parameters of the interstellar medium (ISM) in these galaxies, both on a global scale (for the galaxy as a whole) and on smaller spatial scales.
In practice, the most direct way to determine the SFR is to count the number of stars and/or young stellar objects in various age ranges [1] [2] [3] .However,this method is demanding in terms of both the quality and quantity of the observational data required, making its application limited to our Galaxy or other very nearby galaxies. Otherwise, we must rely on indirect metrics of the SFR.
A conceptual average SFR over a time of the order of a Gyr can be obtained from multicolor photometry. However, more detailed data are necessary for estimating the current ("instantaneous") SFR.
Metrics of the SFR are usually directly or indirectly associated with the UV radiation of massive stars with the shortest lifetimes [4] . Such metrics include, for instance, observations of the UV continuum or the Hα line (assuming that the UV radiation of massive stars is reprocessed into Hα emission in zones and complexes of ionized hydrogen). However, in this case we face the problem of dust, which absorbs a fraction of the UV radiation and Hα emission. This can make conclusions on the SFR less reliable, especially for galaxies at high redshifts. Observations of the infrared (IR) and submillimeter emission of dust heated by the shorter-wavelength radiation of young stars could be an alternative, but in this case the opposite problem arises: the dust does not absorb and re-emit all the radiation of young stars, and the relationship between the SFR and the IR luminosity can be specific to a given galaxy, depending on its metallicity, the characteristics of its dust distribution, etc. In addition, evolved stellar populations can make a significant contribution to heating of dust. If emission bands of polycyclic aromatic hydrocarbons (PAHs) are used as a metric of the SFR, additional difficulties arise, due to the fact that the abundance of PAHs in star-forming regions may change with time [5, 6] .
To ensure good accuracy, it is advisable to use several metrics that compensate for each others' shortcomings. One example of a comparative analysis using various metrics of star formation is presented by Bendo et al. [7] , who compared the SFR in the galaxy NGC 5253 estimated from the Hα30 radiorecombination line in a star-forming zone (such estimates should be the least susceptible to various interferences) with the SFRs derived from other traditional metrics. It turned out that these various estimates of the SFR differed significantly. Bendo et al. [7] suggested that this was due to the low metallicity of the galaxy, and the fact that, for some reason, the dust in this galaxy was heated to a higher temperature than in comparable systems with the "usual" metallicity.
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Another recent example of a comparison of SFR estimates obtained using different metrics is [8] , where two metrics were used to determine the density of the SFR-the emission in the Hα line and the far-UV, with their sample containing an appreciable number of dwarf galaxies. It turned out that the ratio of these two fluxes in different galaxies displayed both significant scatter and systematic variations. This means that the estimates of the SFR for a specific galaxy derived from Hα and UV observations can differ significantly, although this difference almost disappears when the global density of the SFR in the local Universe is considered.
Overall, it is obvious that the use of a single SFR indicator can lead to substantial errors in estimates [9] . On the other hand, differences in the SFRs estimated using different indicators may point toward important differences in the parameters of star formation processes under different conditions, such as variations in the initial mass function for massive stars (which are usually responsible for the action of one of the indicators). Therefore, comparative studies with a larger number of SFR indicators, encompassing the entire range of physical conditions in the ISM and systems having a wide range of metallicities, are necessary.
In our previous study [14] , we considered star-forming complexes (SFCs) in 11 galaxies that were included in a number of surveys, including THINGS [10] (the 21-cm HI line), KINGFISH [11] (far-IR at 70, 100, and 160 µm with the Herschel Space Telescope), SINGS [12] (near-and mid-IR bands at 3.6, 4.5, 5.8, 8.0, and 24 µm with the Spitzer Space Telescope), and HERACLES [13] (CO (21) line using the 30-m IRAM telescope). We investigated the relationship between different components of the ISM in particular SFCs. Infrared data were used to estimate the total mass of dust (M ), the mass fraction of PAHs (q PAH ), and the average radiation intensity U min using the model of [32] . In our present study, we explore three galaxies from the sample [14] for which homogeneous archival observational Hα data are available. We discuss these data in detail and compare them with the data obtained in [14] .
A significant role in assessing and understanding the distributions of certain components of the ISM and the stability of the gaseous disks of galaxies is played by the gas velocity dispersion. As a rule, this is measured using observations in the 21 cm HI line and CO lines. Due to the greater availability of data in the 21 cm line, studies of its dispersion are more common. To date, there have been several studies where the velocity dispersions in these two lines have been compared.
For example, the velocity dispersions for the atomic and molecular gas in 12 spiral galaxies were compared in [15] , leading to the conclusion that these dispersions are similar on scales of the order of several kpc. This contradicts a picture in which the thickness of the molecular disk 4 is significantly (by a factor of a few) smaller than the thickness of the atomic disk, and can be explained by the presence of a thick disk of molecular gas comparable to the disk of neutral hydrogen. A thick molecular disk was discovered in the galaxy M51 in [16] through observations in the CO (1-0) line, which made it possible for the first time to reconstruct the large scale distribution of molecular gas with a resolution of 40 pc.
A similar conclusion about the presence of molecular gas with a high velocity dispersion in galaxies was also drawn in [17] , where it is shown that the dispersion of the molecular gas is about a factor of 1.5 lower than the velocity dispersion of the atomic gas in regions of high CO brightness, but the width of the CO lines increases in the transition to molecular gas with lower brightness. Mogotsi et al. [17] concluded that disk galaxies contain not only a thin disk with a high CO density and relatively low velocities, but also a weaker, high-velocity diffuse component of the molecular disk.
In our present study, we complement analyses of the IR and Hα emission of extragalactic SFRs by considering the velocity dispersions in CO lines. Unlike [17] , we consider not only complexes with bright CO emission, but also those that are prominent sources of IR and/or Hα emission, but may not be bright CO sources.
The selected galaxies have different morphological types. NGC 3351 is a ring galaxy with a bar; the youth of the SFCs in this galaxy has been noted in various studies (see, e.g., [18, 19] ).
NGC 2976 is a dwarf galaxy populated by both equally distributed old populations and young SFCs in a region of the galactic disk with a radius of about 3 kpc [21] . This galaxy displays a tendency for the ages of stars to increase with galactocentric distance. NGC 628 is a classic spiral galaxy viewed almost side-on, enabling us to isolate the largest number of SFCs. A homogeneous distribution of stellar complexes is observed along its long arm, while this distribution is not homogeneous along its short arm [21] . This does not have a unique explanation, but it would seem to be unusual for a seemingly ordinary spiral galaxy. The stellar population of NGC 628 is mostly old. However, there are small "islets" of SFCs formed relatively recently. Figure 7 of [20] shows two-dimensional maps of the age distribution of the stars, based on their masses and luminosities. 
II. THE OBSERVATIONS AND THEIR REDUCTION
We used the following archival observations in our study. The data in the near-and mid-IR (3.6, 4.5, 5.8, 8.0, and 24 µm) were taken from the Spitzer SINGS survey 1 [12] . The far-IR data (70, 100, and 160 µm) were taken from the Herschel KINGFISH survey 2 [11] ]. The 21 cm line observations were taken from the THINGS survey 3 [10] . The CO (21) line observations (a molecular-hydrogen indicator) were taken from the HERACLES survey 4 [13] . The Hα images of the galaxies were obtained using the 2.3-meter BOK telescope of the Steward Observatory [22] .
Finally, observations by the GALEX telescope [23] were obtained from the MAST archive 5 .
Since we used data from different telescopes with different angular resolutions, we reduced all the data to the resolution in the far-IR (160 µm) in [14] , using the convolution procedure and kernels presented in [24] . Since we used some results from [14] in our current study, we also reduced the Hα data to this same resolution (12"). In [14] , the regions for which we performed aperture photometry were chosen such that emission in a specific region would be observed in at least one of the ranges considered. The numbers of SFCs studied were 65 in NGC 628, 7
in NGC 2976, and 23 in NGC 3351. The apertures used for each galaxy are shown in 1. The observations at 8 and 24 µm were used to determine the stellar background that was subtracted.
As in [14] , results are presented here for the corrected fluxes at 8 and 24 µm. The aperture areas were calculated using distance estimates of 9.77 Mpc for NGC 628, 3.63 Mpc for NGC 2976, and 6 10.57 Mpc for NGC 3351 [25] .
The data cubes in the CO line were taken from the HERACLES survey. A spectrum was constructed for every SFC, and the standard deviation σ was calculated for sections free of CO lines. We took the velocity spread ∆V in a particular SFC to be the difference of the velocities at the end points of the spectrum where the line intensity exceeded 3 σ. If the spectrum of a SFC had no intensities exceeding 3 σ, the object was excluded from consideration. We also discarded SFCs where ∆V exceeded half the global velocity variation in the given galaxy. In this point, our study differs from [17] , where the velocity dispersion was determined by fitting Gaussians to the spectra. We considered not only complexes with pronounced single-or two-peaked CO emission, but also those with weak emission, where it was not always possible to distinguish one or two peaks. Therefore, we employed the simpler procedure described above. Obviously, from a mathematical point of view, ∆V is not a dispersion, and we accordingly will call this quantity the "velocity scatter". Table 1 summarizes the observational parameters of the SFCs derived in the present study.
III. RESULTS OF THE APERTURE PHOTOMETRY
One of our main aims was to analyze the relationships (or lack there of) between the Hα data and various parameters of the emission of the SFCs in these three galaxies, including parameters that can be used as indicators of the SFR. Therefore, we will first consider the correlations obtained using this data. In the plots below, the SFCs in different galaxies are indicated by pale orange (NGC 628), blue (NGC 2976), and green (NGC 3351) symbols.
A. Hα Emission of the SFCs
The upper panels of However, if we consider the SFCs in NGC 3351 separate, this could lead to a different conclusion.
In general, the anti-correlation between F 8 /F 24 and the Hα emission is more dependent on the behavior of the IR emission at 24 µm than on the emission at 8 µm.
The same two complexes in NGC 3351 stand out in the upper panels of Fig. 3 as in Fig. 2 .
The collected data indicate that these SFCs are abnormally bright in the 24 µm band for their low Hα fluxes GALEX UV fluxes. Neither the procedure used to isolate these complexes, nor their locations in the galaxy are unusual. Thus, identifying the reasons for their difference from the rest of the SFCs in our sample requires additional study. from the main distribution of points in all four diagrams. Although complexes with low emission in the Hα and HI lines stand out somewhat from the set of all the SFCs, on average, they follow the general trend. The situation is different for two complexes that stand out in the diagrams for the CO line, which prove to be the same SFCs with low Hα emission noted earlier; at the same time, their CO fluxes and surface brightnesses are the same as those in the other SFCs.
B. Kinematics of CO
The best known property of the kinematics of interstellar gas is the so-called Larson relation between the velocity dispersion (the width of the molecular lines) and the spatial scale [27] . In our case, the spatial scales considered are very large, close to the largest anticipated dimensions of the SFCs (see,e.g., [28] ). Therefore, our sample contains both SFCs in which CO emission is observed in a single line and those in which there are several distinct CO lines. Therefore, as was noted already, we are referring to ∆V as a velocity scatter, not the velocity dispersion. Furthermore, by virtue of the lack of a formal procedure, we cannot accurately assess the uncertainty in ∆V .
However, we can assume that this uncertainty is comparable to the ∆V values for SFCs with low FCO fluxes and for SFRs for which ∆V is comparable to the total velocity range considered. Figure 5 shows the relationship between dimensions of a SFC and the velocity scatter in it. The straight line shows the Larson relation from [27] . In our sample, this ratio appears to describe the lower envelope of the obtained points. In some of the SFCs, ∆V significantly exceeds the predictions of the "classical" relation, namely complexes 3, 6, and 7 in NGC 628 and complexes 8 and 19 in NGC 3351. All these complexes are located at the peripheries of these galaxies. We can distinguish two groups of SFCs in this figure. In objects with ∆V 70 km/s, the CO flux increases with increasing ∆V , whereas, in objects with higher velocity scatters, the CO flux drops with increasing ∆V . It may be that, in the first group, we are dealing with molecular gas that remains largely undisturbed by star formation. In this case, we would expect a growth of F CO with increasing ∆V , since the CO flux can be considered a measure of the mass of the SFC. The decrease in the CO flux with increasing ∆V in the second group may reflect the circumstance that it includes SFCs whose gas is already appreciably disturbed by star-formation processes.
Similar behavior is also demonstrated by the IR fluxes. Figure 8 shows how the surface brightnesses at 8, 24, and 160 µm are related to the velocity scatter. Here, also, two groups of SFCs are seen: in the first group, with ∆V 70 km/s, the surface brightness increases with the velocity scatter; in the second group, with higher values of ∆V , the velocity scatter is large, while the surface brightnesses are small.
As an additional test, we selected areas where the CO emission is characterized by a single peak and fitted this peak with a Gaussian in order to find the full width at half-maximum of the line, FWHM (or the velocity scatter). Comparison of the estimated line widths and the velocity dispersions we derived previously showed that, in the case of single-peaked lines, the FWHM and ∆V values agree well. In Fig. 9 , the estimated line width is compared to the SFC aperture size.
The Larson relation is shown by the line in this figure, and agrees well with the parameters of the SFCs.
IV. DISCUSSION
Currently, one of the main directions in studies of the ISMis detailed simulations of Galactic and extragalactic molecular clouds and regions of star formation, including galaxies at high redshifts, taking into account feedback effects (see, e.g., [29] [30] [31] ). This enables exploration of the evolution of the molecular gas and star-formation processes under a wide range of conditions, in different environments, in galaxies with different morphological types, etc. Observationally, the different relations between the spatial scales, the kinematic characteristics, and other properties of the studied objects become criteria for the adequacy of the theoretical models. For us, the initial motivation for such studies was also the selection of factors that can have a significant impact on the evolution of the ensemble of dust particles in star-forming regions. We expect that, in the initial stages of the evolution of an SFC, one such factor will be the UV radiation of massive stars, whereas, in later stages, a more important factor will be the destruction of dust particles by shocks from supernova explosions.
In order to test these hypotheses, and also to obtain overall estimates of the interrelations between the various parameters of SFCs, we attempted to find relationships between the fluxes of SFCs in various spectral ranges. Here, we considered not only the fluxes themselves, whose strength could be associated with the masses of the corresponding SFCs, but also the surface brightnesses, i.e., the flux per physical area of the aperture in pc 2 . Since, in fact, a SFC is a threedimensional structure, its surface brightness could also be related to its mass (albe it to a lesser extent than the flux), due to the extent of the complex along the line of sight.
The radiation fluxes, which are in one way or another associated with the presence of massive hot stars, correlate well with each other. In particular, a correlation is observed between the Hα flux and the GALEX FUV and NUV fluxes, as well as between the corresponding surface brightnesses.
Because the emission at 8 and 24 µm is presumably due to macromolecules and very fine dust particles that are heated by the absorption of individual UV photons, the radiation in these ranges also correlates well with the fluxes and surface brightnesses in Hα and the FUV and NUV bands.
Although the fluxes at 8 µm and at 24 µm are both correlated with the Hα flux, the nature of these correlations is different, as is underscored by the anticorrelation between the Hα flux and the F 8 /F 24 flux ratio. To obtain a tentative identification of the origins of this behavior, we applied the results of calculations made in [32] . In this model, one characteristic of the radiation field that causes heating of dust particles is the parameter U min , representing the average radiation intensity in the SFC in units of the radiation field in the solar neighborhood. In the absence of evolutionary effects, that is, if the characteristics of the ensemble of dust particles are constant in time, the F 8 /F 24 flux ratio is essentially independent of U min (for the limiting values of this parameter we have considered). In addition, increasing U min in the model [32] We can attempt to explain these discrepancies by supplementing the model with evolutionary effects. For example, the decrease in F 8 /F 24 with increasing radiation intensity could be explained by destruction of the PAH macromolecules. Indeed, in the model [32] , the observed decrease in the ratio F 8 /F 24 can be explained by a decrease in the mass fraction of PAHs q PAH from 4.6% to 0.5%. However, such a decrease in qPAH should result in an even more significant decline of F 8 /F IR , which is not observed.
Another explanation could be associated with the other parameter of the model [32] , the mass fraction γ of the dust that is irradiated with intensities higher than U min . In fact, γ determines the fraction of the dust that is in the direct vicinity of the stars that are the sources of the ionizing radiation. The model [32] predicts that increasing γ with U min fixed leads to a reduction of the ratio F 8 /F 24 , and to a significant increase in F 24 /F IR with F 8 /F IR remaining almost constant.
This corresponds to the observations, but this correspondence should not be overemphasized. The values of U min and γ derived from the observations in [14] are obtained by fitting spectra, and are therefore functions of the observed IR fluxes.
Our estimated values of ∆V appreciably exceed the velocity dispersions obtained in other similar studies. For example, the maximum CO velocity dispersions in [17] do not exceed 40 km/s, and similar values for the ionized gas are obtained in [33] . CO line widths up to 50 km/s are noted in [34] . However, this is due to the fact that these studies involved objects that are either relatively bright sources of CO or Hα emission, or have significantly smaller spatial scales (as in [34] ). The method of distinguishing SFCs using several spectral ranges makes it possible to identify complexes that are not bright sources of CO or Hα emission, and simultaneously display a significant internal velocity scatter, exceeding 100 km/s.
Such values seem quite plausible. Of course, such velocities (and also velocities of the order of 50 km/s) would not be expected in the molecular gas of SFCs, if the only factor for feedback is zones of ionized hydrogen. However, such velocities could be encountered if supernova explosions have already begun in a complex. Though there are no direct observations of such velocities, there are some indirect indications of their existence. For example, the observed destruction of dust particles during interactions between supernovae remnants and molecular clouds [35] [36] [37] suggests the presence of shocks with velocities exceeding 100 km/s [38, 39] . Velocities exceeding 100 km/s are also obtained in numerical calculations of the expansion of supernovae remnants in a cloudy environment (see, e.g., [40] ).
There is no question that the parameter ∆V we have used is determined significantly more poorly than a velocity dispersion obtained by fitting a Gaussian to an observed line profile. This uncertainty is amplified by the fact that, when the CO emission in a SFC can no longer be characterized by a single profile, the intensity of this emissions weakens and the identification of individual peaks becomes more difficult. However, this enhances interest in the gas kinematics in this stage of the SFC evolution, when the feedback effects disrupting the original molecular structure of the complex apparently become important. We believe that our results are interesting in this respect, as they emphasize the need for further research in this direction, although they do not yet enable us to draw firm conclusions. They indicate that the relationship between ∆V and other parameters of the ISM and star-forming indicators can be complex, and that investigation of these relationships requires studies of a more extensive sample of galaxies and SFCs and analysis of other lines, primarily, HI and Hα. A preliminary interpretation of such data may provide evidence that, in addition to the obvious correlation between ∆V and the CO luminosity, whose basis may be the mass of the object (see, e.g., [41] ), there also exists another regime in which the increase of ∆V is related to decreasing luminosity, which may have an evolutionary nature. These regimes are worthy of a separate study.
V. CONCLUSION
The main conclusions of the study can be summarized as follows. This is most likely due to a more substantial increase of the 24 µm flux.
3. Our analysis of the origins of the variations F 8 /F 24 flux ratio indicates that this may be due not only to evolutionary factors (variations in the mass fraction of PAHs), but also to variations in the conditions for excitation of this emission.
4. Our analysis of data on the kinematics of molecular gas in the SFCs shows that the relationship between the CO luminosity and the velocity scatter is ambiguous. Preliminary results indicate that the CO luminosity and ∆V are correlated when ∆V 70 km/s, while the growth of ∆V is accompanied by a decrease in the CO luminosity for larger values of the velocity scatter. However, these results require further verification due to uncertainties associated with estimation of the parameter ∆V .
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